SPECIFICATION 



TO ALL WHOM IT MAY CONCERN: 

BE IT KNOWN THAT WE, Ken j i Suzuki, a citizen of 
Japan residing at: Kawasaki, Japan and Toru Osajima, a 
citizen of Japan residing at Kawasaki, Japan have invented 
certain new and useful improvements in 

SEMICONDUCTOR INTEGRATED CIRCUIT CONFIGURED 
TO SUPPLY SUFFICIENT INTERNAL CURRENT 

of which the following is a specification : - 
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TITLE OF THE INVENTION 

SEMICONDUCTOR INTEGRATED CIRCUIT 
CONFIGURED TO SUPPLY SUFFICIENT INTERNAL CURRENT 

5 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention generally relates to 
semiconductor integrated circuits, and particularly 
to a semiconductor integrated circuit that has power 
10 supply lines provided in cell areas inside the chip. 

2 . Description of the Related Art 

JUJ" In semiconductor integrated circuits, the 

O power supply voltage is provided from an external 

pin to an internal cell through a lead frame, a 
15 bonding wire, a pad, and a power supply I/O. The 
Q power supply I/O is an area section comprised of an 

aluminum wire that exists between a pad and a main 
power supply line connected to the internal cell, 
N* and that is provided for each pad on which a bonding 

.5*2: 

\i£ 20 wire is connected. The power supply I/O may be 

p equipped with a circuit for preventing damage caused 

Fll by static charge. Connection between the pad and 

the power supply I/O is provided through a multi- 
layered wire structure. Between the power supply 
25 I/O and the main power supply line connected to the 
internal cell area, on the other hand, a connection 
is generally provided through a single layer 
structure, and is implemented by using a narrower 
wire width than the power supply I/O. 
30 As the number of pins in semiconductor 

integrated circuits increases, the pitch of bonding 
pads becomes increasingly short. As a result of 
this, the width of a power supply I/O cell (i.e., a 
section where the power supply I/O is situated) 
35 becomes increasingly narrow. 

Under such circumstances, a wire line 
leading from a power supply I/O cell to a main power 
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supply line becomes narrow, resulting in an 
inability to support a sufficient current running 
through the wire line. The amount of current 
supplied to the internal cell area thus becomes 
insufficient . 

Accordingly, the present invention 
provides a semiconductor integrated circuit which 
can supply a sufficient amount of electric current 
to internal cell areas. 

SUMMARY OF THE INVENTION 

It is a general object of the present 
invention to provide a semiconductor integrated 
circuit that substantially obviates one or more of 
the problems caused by the limitations and 
disadvantages of the related art. 

Features and advantages of the present 
invention will be set forth in the description which 
follows, and in part will become apparent from the 
description and the accompanying drawings, or may be 
learned by practice of the invention according to 
the teachings provided in the description. Objects 
as well as other features and advantages of the 
present invention will be realized and attained by a 
semiconductor integrated circuit particularly 
pointed out in the specification in such full, clear 
concise, and exact terms as to enable a person 
having ordinary skill in the art to practice the 
invention . 

To achieve these and other advantages and 
in accordance with the purpose of the invention, as 
embodied and broadly described herein, the invention 
provides a semiconductor integrated circuit that 
includes pads, a first power supply I/O cell which 
is connected to an external pin through a 
corresponding one of the pads, and a second power 
supply I/O cell which is not connected to an 



external pin through a corresponding one of the pads, 
but receives power supply from the first power 
supply I/O cell. 

Further, the semiconductor integrated 
circuit as described above further includes an 
internal cell, a power supply line which provides 
power supply to the internal cell., a line which 
connects between the first power supply I/O cell and 
the power supply line, and a line which connects 
between the second power supply I/O cell and the 
power supply line. 

In the semiconductor integrated circuit as 
described above, an I/O cell that is not connected 
to an external source and was not in use is utilized 
as a power supply I/O cell having no external 
connection that receives power supply from a power 
supply I/O cell connected to an external pin. With 
this provision, the power supply voltage is supplied 
to an internal main power supply line from the power 
supply I/O cell that is not connected to an external 
source as well as from the power supply I/O cell 
that is connected to an external source. This makes 
efficient use of areas that were wasted in the 
layout, and helps to increase the amount of current 
supplied to the internal cell. 

According to another aspect of the present 
invention, the semiconductor integrated circuit as 
described above is such that the second power supply 
I/O cell is not connected to the corresponding one 
of pads that corresponds to the second power supply 
I/O cell. 

In the semiconductor integrated circuit 
described above, the power supply I/O cell having no 
external connection receives power supply from the 
power supply I/O cell having a direct external 
connection, and, thus, does not need to be connected 
to the corresponding one of the pads. An excess 
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connection line for such a pad can thus be 
eliminated . 

According to another aspect of the present 
invention, a method of designing a power supply 
5 layout of a semiconductor integrated circuit 

includes the steps of identifying an unused I/O cell 
having no external connection, and assigning the I/O 
cell to be a power supply I/O cell having no direct 
external connection. 
10 In the method as described above, an I/O 

cell that is not connected to an external source and 
was not in use is connected to a power supply I/O 
cell connected to an external pin, and is thus 
^ utilized as a power supply I/O cell having no 

m 15 external connection. This makes efficient use of 

d areas that were wasted in the layout, and helps to 

fjij increase the amount of current supplied to the 

£ internal cell. 

P Other objects and further features of the 

M 

rii 20 present invention will be apparent from the 

yQ following detailed description when read in 

n 

ir! conjunction with the accompanying drawings. 

iy 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 Fig.l is an illustrative drawing for 

explaining power supply according to the present 
invention ; 

Fig. 2 is a flowchart of a process of 
allocating a power supply I/O cell that is not 
30 connected to an external source according to the 
present invention ; 

Fig. 3 is a flowchart showing another 
example of a process of allocating a power supply 
I/O cell that is not connected to an external pin 
35 according to the present invention; 

Fig. 4 is a block diagram showing an 
example of a CAD system for performing the process 
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of allocating a power supply I/O cell having no 
external connection according to the present 
invention ; 

Fig. 5 is an illustrative drawing showing 
5 an illustration presented on a screen display of a 
display apparatus of the CAD system shown in Fig. 4; 

Fig.6A is an illustrative drawing showing 
an example of an illustration presented on the 
screen display of the CAD system in the process of 
10 allocating a power supply I/O cell having no 
external connection according to the present 
invention ; 

Q Fig.6B is a table that shows matching 

J s relations between external pins, pads, and I/O 

p 15 cells; 

Fig. 7 is an illustrative drawing showing a 
configuration around power supply I/O cells of a 
p semiconductor integrated circuit. 

M 

m 

2 0 DESCRIPTION OF THE PREFERRED EMBODIMENTS 
— ^— — — ^ ____ — — 

O In the following, embodiments of the 

=J present invention will be described with reference 

to the accompanying drawings. 

Fig.l is an illustrative drawing for 
25 explaining power supply according to the present 
invention. Fig.l shows a configuration around a 
power supply I/O cell of a semiconductor integrated 
circuit . 

In Fig.l, bonding wires 10 are connected 
30 to pads 11. The pads 11 are connected to respective 
I/O cells 12-1 through 12-7. This connection is 
made by using the first through third layers Metall 
through Metal3 . The I/O cells 12-1 through 12-7 
include an I/O cell IOSignal for conveying an I/O 
35 signal, a ground-potential power supply I/O cell 
VssNC that utilizes un unused I/O cell as a power 
supply I/O, a power-supply-potential power supply 
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I/O cell IOVdd, a power-supply-potential power 
supply I/O cell VddNC that utilizes an unused I/O 
cell as a power supply I/O, an I/O cell IOSignal for 
conveying an I/O signal, a ground-potential power 
5 supply I/O cell lOVss , and a ground-potential power 
supply I/O cell VssNC that utilizes un unused I/O 
cell as a power supply I/O. Here, the notation "NC M 
indicates an I/O cell that has been originally 
unused. 

10 In the present invention, the I/O cells 

12-2, 12-4, and 12-7 that are not connected to 
^ external pins through the pads 11 and were not in 

Q use are utilized as power supply I/Os. For example, 

3 the I/O cell 12-2 that is not connected to an 

tfl 

*3Q 15 external pin and was not in use is connected to the 

ground-potential power supply I/O cell 12-6 
connected to an external pin, and is now used as the 
ground-potential power supply I/O cell VssNC that is 
O not connected to an external pin. The power supply 

Ui 20 I/O cell 12-2 that is not connected to an external 

-J3 pin receives a ground potential from an external 

source through the ground-potential power supply I/O 
cell 12-6 that is connected to an external pin. The 
power supply I/O cell 12-2 supplies the ground 
25 potential through a wire line 13-1 to a main power 
supply line 14 connected to internal cells. 

By the same token, the power-supply- 
potential power supply I/O cell 12-4 that is not 
connected to an external pin receives a power-supply 
30 potential from an external source through the power- 
supply-potential power supply I/O cell 12-3 that is 
connected to an external pin. The power-supply- 
potential power supply I/O cell 12-4 then supplies 
the power supply potential through a wire line 13-3 
35 to a main power supply line 15 connected to internal 
cells. The ground-potential power supply I/O cell 
12-7 that is not connected to an external pin 
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receives the ground potential from the external 
source through the ground-potential power supply I/O 
cell 12-6 that is connected to an external pin. The 
ground-potential power supply I/O cell 12-7 then 
5 supplies the power supply potential through a wire 
line 13-5 to the main power supply line 14 connected 
to the internal cells. The power supply I/O cells 
12-3 and 12-6 that are connected to the external 
source supply the power-supply potential and the 
10 ground potential to the main power supply lines 14 
and 15 through wire lines 13-2 and 13-4, 
respectively. Connections between the I/O cells 12- 

O 

p 1 through 12-7 are achieved by use of wire lines 16 

HI and 17. 

15 As described above, the present invention 

utilizes an I/O cell that is not connected to an 
HI external source and was not in use, by connecting 

p such an I/O cell to a power supply I/O cell that is 

connected to an external source. With this 
20 provision, the power supply voltage is supplied to 
an internal main power supply line from the power 
fU supply I/O cell that is not connected to an external 

source as well as from the power supply I/O cell 
that is connected to an external source. This makes 
25 efficient use of areas that were wasted in the 

layout, and helps to increase an inefficient amount 
of current supplied to the internal cells. 

Fig. 2 is a flowchart of a process of 
allocating a power supply I/O cell that is not 
30 connected to an external source according to the 

present invention. This process is performed by a 
CAD (computer aided design) system as part of a 
layout design process. 

At step ST1 , physical property information 
35 about a layout is obtained. The physical property 
information includes pin assignment information 
indicative of the assignment of external pins to 
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power supply sources, data signals, and control 
signals, etc, external-pin- &-pad matching 
information indicative of mating relations between 
the external pins and pads (e.g., the pads 11 of 
5 Fig . i ) , I /0— type— &- layout information indicative of 
types and layouts of I/O cells (e.g., the I/O cells 
12-1 through 12-7), pad-layout information 
indicative of the layout of pads, etc. 

At step ST2 , results of a power supply 
10 network analysis are obtained. In detail, the 
amount of power supply at an initial stage is 
jj, calculated based on the physical property 

O information obtained at step ST1 , and the amount of 

jjj a power supply current necessary for each internal 

f¥J 15 cell area inside the chip is computed based on data 

O of a network structure such as a resistor network 

G 

jjj including wire lines for power supply and ground 

s potential . 

r' At step ST3 , a check is made as to whether 

fy 20 the amount of power supply is sufficient. Namely, 

the amount of power supply at the initial stage 
computed at step ST2 is compared with the amount of 
power supply currents necessary for the internal 
cell areas inside the chip, thereby making a check 
25 as to whether the amount of power supply at the 
initial stage is sufficient. If the amount of a 
power supply current is sufficient, the procedure 
comes to an end based on the premise that there is 
no problem with the power supply network. If the 
30 amount of a power supply current is insufficient, 
the procedure goes to step ST4 . 

When the amount of power supply for the 
internal cell areas is insufficient, at step ST4, an 
unused I/O cell that is not connected to an external 
35 pin is turned into a power supply I/O cell that is 

not connected to an external pin. This is done at a 
portion where the amount of a power supply current 
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is insufficient. In detail, provision is made in 
the CAD layout design to utilize an unused I/O cell 
having no connection to an external pin as a power 
supply I/O cell that is not connected to an external 
5 pin , to establish a line that supplies power supply 
to the power supply I/O cell that is not connected 
to an external pin, and to lay out a line from the 
power supply I/O cell having no connection with an 
external pin to a main power supply line connected 
10 to internal cell areas. 

With this, the procedure comes to an end. 
In this manner, the amount of necessary 
power supply is computed, and an unused I/O cell 
tfj having no connection to an external pin is turned 

W 15 into a power supply I/O cell having no connection to 

Sj an external pin, thereby securing a necessary amount 

UJ of power supply. 

3 Fig. 3 is a flowchart showing another 

P 

example of a process of allocating a power supply 
fU 20 I/O cell that is not connected to an external pin 

rj according to the present invention. This process is 

Q 

r|j performed by a CAD (computer aided design) system as 

part of a layout design process. 

At step ST1, physical property information 

25 about a layout is obtained. The physical property 
information includes pin assignment information 
indicative of the assignment of external pins to 
power supply sources, data signals, and control 
signals, etc, external-pin- &-pad matching 

30 information indicative of mating relations between 
the external pins and pads (e.g., the pads 11 of 
Fig.l), I/0-type-&-layout information indicative of 
types and layouts of I/O cells (e.g., the I/O cells 
12-1 through 12-7), pad-layout information 

35 indicative of the layout of pads, etc. 

At step ST2 , control information is input. 
The control information includes information 



indicative of the minimum number of necessary power 
supply sources (i.e., the amount of power supply), 
information indicative of the number of unused cells 
that are turned into power supply source, 
information indicative of the amount of power supply 
necessary for internal macros, information 
indicative of the amount of necessary power supply 
calculated based on chip size and gate size, etc. 
For example, the information indicative of the 
amount of power supply necessary for internal macros 
may specify that there is a special macro consuming 
a large amount of power, and that use of this macro 
requires an additional x lines of power supply. The 
control information may be provided as a library or 
a control card of a CAD system. 

At step ST3 , an unused I/O cell having no 
connection with an external pin is turned into a 
power supply I/O cell having no connection with an 
external pin at a portion where the amount of power 
supply is insufficient. Namely, an unused I/O cell 
having no connection to an external pin is turned 
into a power supply I/O cell having no connection to 
an external pin based on the control information 
obtained at step ST2 and the physical property 
information obtained at step ST1 . Further, a line 
for supplying power to the power supply I/O cell 
having no connection to an external pin is provided, 
and a line is laid out from the power supply I/O 
cell having no connection to an external pin to a 
main power supply line connected to internal cell 
areas . 

With this, the procedure comes to an end. 

In this manner, the control information 
indicative of the number of necessary power supply 
sources and the like is prepared beforehand, and is 
provided as a library or a control card of a CAD 
system. With this provision, an unused I/O cell 
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having no connection with an external pin is turned 
into a power supply I/O cell having no connection 
with an external pin, without computing the amount 
of power supply based on the analysis of a power 
5 supply network. 

Fig. 4 is a block diagram showing an 
example of a CAD system for performing the process 
of allocating a power supply I/O cell having no 
external connection according to the present 
10 invention . 

As shown in Fig. 4, the CAD system for 
performing the process of allocating a power supply 
I/O cell having no external connection according to 
the present invention is implemented by use of a 



ill 

ffi 15 computer such as an engineering workstation. 

O The CAD system of Fig. 4 includes a 

computer 20, and further includes a display 
apparatus 31, a keyboard 32, a mouse 33, and a 

O network communication apparatus 34 connected to the 

!=& 

20 computer 20. The keyboard 32 and the mouse 33 

f.y 

ylf together make up an input apparatus. The computer 

^ 2 0 includes a CPU 21, a RAM 22, a ROM 23, a hard 

ry 

drive HDD 24, an exchangeable-medium storage device 
25, and an interface 26. 

25 The keyboard 32 and the mouse 33 provide a 

user interface, and receive various commands for 
operating the computer 20 and user responses entered 
in response to prompt. The display apparatus 31 
presents the results of processing or the like 

30 obtained by the computer 20, and displays various 

data that make it possible to interact with the user 
The network communication apparatus 34 is provided 
for the purpose of communicating with a remote site, 
and is comprised of a modem, a network interface, or 

35 the like. 

The method of allocating a power supply 
I/O cell having no external connection according to 
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the present invention is provided as a computer 
program executable by the computer. 20. This 
computer program is stored in a memory medium 
mountable to the exchangeable-medium storage device 

25, and is loaded to the RAM 22 or to the HDD 24 
from the memory medium through the exchangeable- 
medium storage device 25. Alternatively, the 
computer program is stored in a memory medium at a 
remote site (not shown) , and is loaded to the RAM 22 
or to the HDD 24 from this memory medium through the 
network communication apparatus 34 and the interface 

26. Alternatively, the computer 20 may be provided 
with this computer program installed in the HDD 24. 

The CPU 21 uses an available space of the 
RAM 22 as a work area to execute the program loaded 
to the RAM 22, and proceeds by interacting with the 
user as necessary. The ROM 23 stores control 
programs for controlling basic operations of the 
computer 20. 

Fig. 5 is an illustrative drawing showing 
an illustration presented on a screen display of the 
display apparatus 31 of the CAD system shown in 
Fig. 4. In the process of allocating a power supply 
I/O cell having no external connection according to 
the present invention, the drawing of a chip 42 is 
presented on the display screen. With this drawing 
of the chip 42, bonding pads 43 and I/O cells 44 
provided on the chip are also presented. Further, 
tips of lead frames 41 are shown around the chip 42. 

A pointer 50 is also shown on the screen. 
The pointer 50 is operated by a pointing device such 
as the mouse 33 of the CAD system shown in Fig. 4. 
In the process of allocating a power supply I/O cell 
having no external connection according to the 
present invention, a pointing device such as the 
mouse 33 is operated to move the pointer 50 around, 
thereby selecting an unused I/O cell having no 
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external connection and turning it into a power 
supply I/O cell having no external connection. This 
process is carried out when the user selects an 
unused I/O cell at a position where the amount of a 
5 power supply current is insufficient at step ST4 of 
Fig. 2 or at step ST3 of Fig. 3. 

When a cell is to be selected by the 
pointer 50 based on the pointer device, a bonding 
pad 43 may be selected by the pointer 50, rather 
10 than selecting an I/O cell 44 by the pointer 50. In 
this manner, all that is required is that the user 
of the CAD system can select an unused I/O cell 
p having no external connection with ease, and a 

£l method of selection is not limited to any particular 

15 method. 

Q Fig.6A is an illustrative drawing showing 

^ an example of an illustration presented on the 

hi 

I" screen display of the CAD system in the process of 

CI allocating a power supply I/O cell having no 

20 external connection according to the present 
invention . 

Q Fig.6A shows an example of a screen 

display shown on the display apparatus 31 of the CAD 
system of Fig. 4. In the process of allocating a 
25 power supply I/O cell having no external connection 
according to the present invention, an illustration 
of the chip 42 is presented on the display screen. 
With this drawing of the chip 42, the bonding pads 
43 and the I/O cells 44 provided on the chip are 
30 also presented. Further, the tips of lead frames 41 
are shown around the chip 42. 

In this example, numbers are assigned to 
the lead frames 41, the bonding pad 43, and the I/O 
cells 44 in an ascending order in the 
35 counterclockwise direction by starting from the top 
left corner of the chip 42. Fig.6B is a table that 
shows matching relations between the external pins 
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(corresponding to the lead frames 41), the pads, and 
the I/O cells, which are numbered as described above 
An I/O cell numbered as "1" , for example, has a 
matching relation with a pad of number "1" and an 
5 external pin of number " 1" . An I/O cell numbered as 
"2" corresponds to a pad of number "2" , but has no 
matching external pin. That is, the I/O cell 
numbered as "2" is an I/O cell having no external 
connection. If this I/O cell having no external 
10 connection is unused, it can be used as a power 
supply I/O cell having no external connection as 
necessary . 

At step ST4 of Fig. 2 or at step ST3 of 



P 

p Fig. 3, it may be ascertained that the amount of a 

15 power supply current is insufficient. Upon such 

SI 

g determination, the use selects an I/O cell number at 

a relevant portion, thereby selecting an unused I/O 
cell having no external connection and turning it 
p into a power supply I/O cell having no external 

20 connection. When an unused I/O cell having no 
;~j external connection is to be selected, an I/O cell 

Q number may not have to be identified, but a pad 

RJ number may be identified to make the selection. In 

this manner, all that is required is that the user 
25 of the CAD system can select an unused I/O cell 
having no external connection with ease, and a 
method of selection is not limited to any particular 
method . 

Fig. 7 is an illustrative drawing showing a 
30 configuration around power supply I/O cells of a 
semiconductor integrated circuit. 

In Fig. 7, the bonding wires 10 are 
connected to the pads 11. The pads 11 are connected 
to the respective I/O cells 12-1 through 12-7. This 
35 connection is made by using the first through third 
layers Metall through Metal3. The I/O cells 12-1 
through 12-7 include an I/O cell IOSignal for 



•ssf 



-15- 

conveying an I/O signal, a ground-potential power 
supply I/O cell VssNC that utilizes un unused I/O 
cell as a power supply I/O, a power-supply-potential 
power supply I/O cell IOVdd, a power-supply- 
5 potential power supply I/O cell VddNC that utilizes 
an unused I/O cell as a power supply I/O, an I/O 
cell IOSignal for conveying an I/O signal, a ground- 
potential power supply I/O cell IOVss, and a ground- 
potential power supply I/O cell VssNC that utilizes 
10 un unused I/O cell as a power supply I/O. Here, the 
notation "NC" indicates an I/O cell that has been 
originally unused . 

In the same manner as in Fig.l, the I/O 
If! cells 12-2, 12-4, and 12-7 that have no external 

m 

PI 15 connections and were not in use are utilized as 

□ power supply I/Os in Fig. 7. For example, the unused 

W I/O cell 12-2 having no external connection is 

q connected to the ground-potential power supply I/O 

M cell 12-6 connected to an external pin, and is now 

20 used as the ground-potential power supply I/O cell 
p VssNC that is not connected to an external pin. The 

fU power supply I/O cell 12-2 that is not connected to 

an external pin receives a ground potential from an 
external source through the ground-potential power 
25 supply I/O cell 12-6 that is connected to an 
external pin. The power supply I/O cell 12-2 
supplies the ground potential through the wire line 
13-1 to the main power supply line 14 connected to 
internal cells. The same applies in the case of the 
30 power-supply-potential power supply I/O cell 12-4 
having no connection to an external pin and the 
ground-potential power supply I/O cell 12-7 having 
no connection with an external pin. 

The configuration of Fig. 7 is almost the 
35 same as the configuration of Fig.l, except for that 
the I/O cells 12-2, 12-4, and 12-7 used as power 
supply I/O cells having no external connections are 
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not connected to the pads 11. The power supply I/O 
cells 12-2, 12-4, and 12-7 having no external 
connection receive power from one of the power 
supply I/O cells 12-3 and 12-6 that are directly 
5 connected to external sources, so that there is no 
need for them to be connected to the pads 11. 
Accordingly, lines connected to the pads 11 may be 
removed from the layout with respect to I/O cells 
that are identified during a layout design process 
10 as power supply I/O cells having no external 
connection . 

Further, the present invention is not 
limited to these embodiments, but various variations 



EJ and modifications may be made without departing from 

15 the scope of the present invention. 

P\ The present application is based on 

Q Japanese priority application No. 2001-102174 filed 

ifi 

^ s on. March 30, 2001, with the Japanese Patent Office, 

p the entire contents of which are hereby incorporated 

K* 20 by reference. 
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